AlKhoms generating power station is one of the largest stations in the Libyan generation system. It consists of eight units represent approximately 18% of the Libyan generation capacity. Hence, it is chosen to perform the reliability study presented in this paper. Generation system reliability is an important aspect in the planning for the future system capacity expansion since it provides a measurement to make sure that the total generation system capacity is sufficient to provide adequate electricity when needed. There are two approaches used for generating units reliability, deterministic and probabilistic approaches. The probabilistic approach branches into Monte Carlo simulation and analytical methods which include loss of load expectation (LOLE). The LOLE is the most widely used index in generation adequacy evaluation; it indicates the expected time for which the available generation will not be sufficient to meet the demand. In this paper, a reliability study is performed on Alkhoms generating units. Forced outage rates (FOR) is calculated , annual load data is analyzed , annual load duration curve is constructed and convolved with the generation model, and the (LOLE) is evaluated. The effect of load growth and FOR variation are also considered. A computer program is written in MATLAB as a tool for this purpose and used to construct the annual load duration curve and capacity outage probability table (COPT). the importance of this study comes from the fact that the system consists from non-identical units since the eight units has a different FOR which complicate the evaluation; as well as the fact that the binomial distribution cannot be applied directly while most published studies simplify the evaluation by grouping up identical units
Introduction
The fundamental aim of any power utility is to satisfy the system load and energy requirement of its customers at the lowest operating cost with an acceptable level of continuity and quality of electricity supply. In Libya, the General Electric Company of Libya (GECOL) is the power utility responsible for generation, transmission and distribution of the electric power for the whole country. The total installed capacity of the generating units was 6200MW in 2008 which is not sufficient to meet the present peak load.
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Alkhoms generating station is one of the biggest stations in the Libyan generation system, it consists of eight generating units with total generating capacity of 1080 MW which represents about 18% of the Libyan gross capacity. Moreover, its data is available at the station office. Hence, it was chosen to perform this study.
Many papers throughout the world related to LOLE has been published, such as [1] , in which the impact of aging characteristics of components on the calculation of reliability indices such as LOLE was described . In [2] the LOLE was evaluated for a proposed test system of six generating units is used, some units has identical FOR and identical capacities with 64 states of available capacity. In [3] a method for generation reliability assessment using intelligent systems was proposed. The effect of varying the load and failure rates on reliability indices was analysed in [ 4 ] . The relationship between LOLE and reserve margin was discussed in [5 ] where the peak load variation curve (DPLVC) with 365 point is used instead of load duration curve for a modified Peninsular Malaysia system consisting of 22 generating units and the LOLE was evaluated in days/year. In [6] , LOLE has been discussed for Alkhoms gas and steam units as two individual subsystems each of them consists of four identical units with 16 states of available capacity.
The object of this paper is to develop techniques to evaluate LOLE for Alkhoms generating system consisting of eight units having different capacities and different FOR with 256 states of available capacities and using a generation model based on a wide range of actual history including 2015 and 2016.
Generation System Reliability.
Generally; reliability can be defined as the probability of device (or system) performing its purpose adequately for the period of time intended under the operating conditions [7] . Reliability evaluation of a complete power system including generation, transmission, station and distribution facilities is an important in overall power system planning and operation [8] . Due to the enormity of the problem, reliability analysis of each level is performed independently.
Generation system reliability is concerned only to the generating units reliability, assuming that other levels are 100% reliable. The first techniques of generation system reliability were all deterministic. The most common deterministic approaches are the reserve margin and the largest set in the system [9] . Probabilistic methods can provide more meaningful information to be used in the sign and resources in planning and allocation. There are two main approaches for probabilistic evaluation of power system reliability; analytical methods and Monte Carlo simulation. Analytical techniques represent the system by mathematical methods and use direct analytical solutions to evaluate a priori reliability indices from the model, it includes loss of load expectation (LOLE), loss of energy expectation (LOEE) and frequency and duration method. Monte Carlo simulation estimates the actual random behaviour of the system [10] .
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The basic approach for the generating system adequacy consists of three parts as shown in Figure 1 .
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Generation system reliability index
Figure 1: Generating system adequacy
The generation model and the load model are convolved to give the risk model which represent the risk of generation capacity less than load. The adequacy evaluation of the generation system consists of three steps :
• create a general capacity model based on the operating characteristics of the generating units .
• build an appropriate load model .
• combine the generation capacity model with the load model to obtain the risk model.
Generation Model (State Space Representation)
For simplicity, with no derated states considered, generating unit can be reside only in up or down (repair) state as shown in Figure 2 . Where: is the expected failure rate.
is the expected repair rate. m is the mean time to failure. r is the mean time to repair.
T is the cycle time = +
The term unavailability ( forced outage rate ) can be defined as the probability of finding the unit on forced outage at a certain time in future.
The total number of available ( or unavailable ) capacity states of an units system is 2 247
Capacity Outage Probability Table (COPT)
In the analytical method, generation model is based on capacity outage probability table which lists system capacity states in increasing order of capacity outage, together with the probability of occurrence of each of these states [11] .
If all units have identical capacity and FOR then the COPT can be constructed directly using binomial distribution in the following form: ( + ) (3) Where: is the availability.
is the unavailability.
is the number of units. If all units haven't identical capacity but have identical FOR, binomial distribution cannot be applied directly but we should classify units in groups of tables according to their capacities and FOR and combine identical units using binomial distribution; then combine together one at a time that groups of tables. If the units have different FOR, then the expression of equation (3) becomes as follow:
Load Model
The load model used in an analytical approach is usually either the daily peak load variation curve ( DPLVC) or the load duration curve (LDC ). The DPLVC includes only the peak load of each day for the period being considered , whereas the LDC includes the hourly variation of the load in this period [8] . Figure 3 shows a typical LDC. 
Loss Of Load Expectation (LOLE)
The term ' capacity outage ' indicates a loss of generation which may or may not result in a loss of load. This condition depends up on the generating capacity reserve margin and the system load level . A loss of load will occur only when the capability of the generating capacity remaining in service is exceeded by the system load level [11] . The LOLE indicates the expected time for which the available generation will not be sufficient to meet the demand [12] . After combining the generation capacity model with the load model ,then the loss of load expectation can be evaluated from the following formula :
= ∑ ( ) .
Where: is the individual probability of capacity outage of .
is the magnitude of the outage in the system capacity outage probability table. is the number of time units in the study interval than an outage magnitude of. would result in loss of load. is the number of states of the capacity outage probability table.
Numerical Results
Case study
Alkhoms generation station consisting of eight units of a total generating capacity of 1080 MW, the FOR is based on two years' operating cycle data. Table (1 ) illustrates the generation system data [13] . 
Simulation Results
Simulation is carried out using M-File/Matlab software to construct the capacity outage probability The Libyan network load data of 2016 (8760 hours are only considered) with a peak load of 6861 MW is collected from GECOL ,and since Alkhoms generating units represents 17.4% of the Libyan generating capacity, it is assumed that it is loaded by 17.4% of the Libyan hourly gross load, this assumption is considered because no specific unit in the Libyan generating system supplies a specific load but all units participate in the supply of Libyan gross load. The load model for the base case is the load duration curve of 2016 and the LOLE is evaluated in hours/year. 
Case 2:
With an annual load growth of 6% [14] , the peak load is 1266 MW ,the LOLE of 2017 is 1893 hours /year . 
Conclusion
Already it is known that the Libyan generation system has no reserve margin, its capacity is less than the present peak load, and it is unreliable. This paper presents a quantitative measure of the risk related to a part of Libyan generation system. The reliability study of Alkhoms generating system was performed using the available data from GECOL. The LOLE index is evaluated for different cases. Cases 1 and 2 showed that the load growth of 6% leads to ISBN: 978-81-936820-5-0 Proceedings DOI: 10.21467/proceedings.2
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increasing LOLE by 734 hour/year ( 63.33 % ); whereas cases 3 and 4 showed that the reduction of FOR of all units to 0.01 reduces the LOLE by 782 hour/year (27.8 %). For all cases, it is clear that the values of LOLE are very high and violates the acceptable level, this is a direct result of the high loading considered for the units of interest (17.4 % of the Libyan gross load ) and dependent on the used data imported from GECOL. To overcome this bad situation, it is recommended to complete the under construction projects of the Libyan generation system to meet the present load and the future load growth.
